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Results

Drop tests
• We collected data by performing drop tests to model the collision 

dynamics
• Drop heights 5cm and 20cm were considered to have an impact 

velocity of 1m/s and 2m/s respectively. 

Fig 2. Drop test experimental setup

Physical interactions with the environment are often leveraged 
by both humans and animals to navigate efficiently through 
congested spaces. This research work explores whether aerial 
robots can similarly improve their navigation by incorporating 
collisions into their trajectory planning. To investigate this, we 
developed a dual-stiffness collision-resilient aerial robot 
equipped with a  locking mechanism that allows it to switch 
between flexible and rigid modes. Moreover, we designed a 
control and planning framework that generates and follows 
collision-inclusive trajectories.

Fig 3. Drop test result (height 5cm)

Locking mechanism
The relationship between 𝑙 and Θ is 
defined as follows:

𝑙 = 𝑅 − 𝑟𝑐𝑜𝑠 Θ  (1)
Θ𝑖 ≤ Θ ≤ Θ𝑖 + 90𝑜  (2)
𝑙𝑓 − 𝑙𝑖 = 10 𝑚𝑚 (3)

where 𝑅 and 𝑟 are cam and rotational 
circle radius, respectively. 
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• LCS-based collision model
• Dual-mode
• Exhaustive search algorithm

𝑥𝑐𝑢𝑟𝑟 , 𝑥𝑠𝑝• Collision detection
• New setpoint generation
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Locking mechanism Future Work
• 3D collision-resilient frame design and modeling (active control of 

stiffness of 3D cage)

• Incorporate collision dynamics model with system dynamics to 
develop an optimal controller or trajectory planner

• Validates collision model and 
recovery controller

• Shows mode-switching capability
• Contact force prediction accuracy - 

88% (flexible) and 82% (Rigid) and 
it depend on the following things
• Unmodelled moments
• Control input to stabilize 
• 𝑘, 𝑓, 𝜇 𝑎𝑛𝑑 𝜈 material property

LCS formulation
A 3D point mass with spring-damper at point of collision

Assumption: Propeller guards are aligned with obstacle

    ሷ𝑥 = 𝑔 𝒖 + 𝑑𝑖𝑎𝑔 𝑏 ሶ𝒙      (4)

             ሶഥ𝒙  = 𝐴ഥ𝒙 + 𝐵ഥ𝒖 + ത𝝀 (5)

             ഥ𝒙 = 𝑥 , ሶ𝑥 𝑎𝑛𝑑 ഥ𝒖 = 03, 𝑢 ∈ ℝ6 

           ഥ𝝀 = 03, 𝑅† 𝜆 ∈ ℝ6 ; 𝜆 = [𝜆𝑥† , 𝜆𝑦† , 𝜆𝑧†] ;  𝑅†∈ ℝ3×3

 empirically derived(6)

Design

Fig. 5 Model fit results for drop tests (blue). Drop tests experimental data (magenta).              
Predicted contact force (shaded red region)

Fig. 6 Experimental results of dual-collision experiment, first collision in flexible mode 
and second in rigid mode as shown in Fig. 4

Fig. 4 Dual-collision experiment

Fig. 1 Four-face cam mechanism
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